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(57) Abstract: A semiconductor laser manufactured by selective 
MOVPE growth, in which the lattice relaxation of recombination 
layers grown on large width portions is suppressed, the leak cur- 
rent is suppressed, and the reliability is high. When a semiconduc- 
tor layer is manufactured by selective MOVPE growth, a DH mesa 
stripe (6) is epitaxially grown on a small width portion (14) which is 
a spacing of a silicon oxide mask (13). The average strain of the DH 
mesa stripe (6) is shifted to the compression strain side to an extent 
that lattice relaxation is not caused. As a result, the tensile strains 
of recombination layers (16) grown on large width portions (15) are 
mitigated. 
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m m * 

[oooi] ^mm^m^-^twmm^mKmumcmu^M^x'omm^^ 



[0002] m^rm^m^^mA^xmm^mm^m^^-tKx<o,u-~^f^ 

[0003] ft, ---?\ TO^ft £ (average){iT^(^J;5^^i-^o 

Bftl] 

n 

I(eixdi) n 

( ^_lzJ d=Idi 

£ iaveragei — ; — -t 

d l ~ ' 

te&<D¥&ftm<D&&lMkVX:* nB (n=j +k) 0^i#:g^igLt*5^7> 

[0004] ^il^MOVPE (Metal-Organic Vapor Phase Epitaxy) J^ft^J;^ 

if (ASM-LD: All Selective MOVPE grown Laser Diode) 
^y^^^n-fe^^Htfffiftji^^^nflljtCBH: Buried Heterostructur 
e) ^"CtSiV ^5#m^#0 0 
[0005] Bl8{c:##fFjcm4^SEm$ttTV^ASM-LD<D«5tBl^i-o (001) 
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?4-?6(£xm, DH^iT-^h^^ 0 ^^) tmm&ti, pMinpm^p^S7, nmi 

nPm^a^jg8-eJtiJ63A*tb-CV^ 0 -^(D_h^pMlnP^yKJg9, pMln 
fJ«<^;^^it^nMInPS«l^^-r^2^:(D«^ ? f^$tV-rv^^ 0 ^LT, TiSi-ti 
[0006] ^kK, Bl9^MitX@^-r o , (001)ffi^Sa^«nMlnPS«l_h^[ 

*y\) 3>^^ 1 3(DM^llJ(Z)j£i|iS§|5 1 5^^^^Br^fJ^/^(g|9(a)) 0 
[0007] ^rbT, ^(D^i|iM§|5l4^jMiRMOVPE^a:^J;«9nMlnP^-<5/^TJBl8, 

^#F?£ttJI 3a. pMlnP^^Ji 5-e«j^$tV?>^ 1 <£> #^bT<DD 
W^-^Yy^Q^mt^o ft, ^<Z)M^MOVPE^(Z)|^^|l|0#f3:jSi|'M$|315^ 
t^2<Z)^#:^Jg#:^LT^S^Jg 16^^$^ (®9 (b) ) 0 
[0008] #cl^ ir/V^T7^^n«TOH^^h7^^°6(Dh^^ 0 (D^^ff^^k^y^ 
^^17^^b(|E|9(c)), ^tL^ftPlih^^^bTp^InPm^n^^jg7 
, nMlnPm^^^^jg8^^Si-§(H9(d)) 0 ^rbT, ^^>y^^^l7 
&B&feUi:&, pMlnP^^^Kjgg^pMlnGaAs^^^hJBlO^^^ft^^ (El 
9(e)) Q *<D«, nMlnP*«^M«2*(D^7TML, Tffi^nStifcJ:^, _h 
ffi(Dp^m^^^i-§^ifbT^#:w-if^^-f^o 

[0009] ^m^m:mii\Bi^^^'V>t^nimmir^un^mm^m ^mmm 

#47H, MoBl-2, 1999^5^ 16 0 

#m$Jcm2:^u?hv~?*'U?—x w,2im, jgi4^% 1991^, 1268-127 

OH 

##f^ifc3:T:/^K-^^/^-W^— X H58^, 1991^, 1952—1954 
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^m^jcm-.m^nm- 1999^, nn^r, 32-36M 

##f^fi^5:v ? -r-^-/k-^-^^hti-5/^.^yT/VX Jg25#, ^3-^,19 
96^, 401— 406S 

4¥mm$k6 :T4-4 — 4 — -f — V^—~t;v • Or-? • # V* A • 31 w hn^^ H 

35#. 1999^ 771 — 782H 

##1^^?:^— ^/V-^y^/V-^n^ H27#, 1974^, 118-125H 
[0010] ASM-LD-Cril^-rS^^— if stf J HfPi:©raffiSSr^!l^.ri500 mSSCL 

Hio^-f-i^^^^^ki/y^^^iscDM^iij^^goM 

ti»T&mtS*lZ>Z-b\Z.f£Z> 0 ~<D%M$l^ 09(e) ^i~J;5tanP(Z)pnpn<Dif-fy^# 
3g-e«^$ti§«^^n^^jB fanPJ^^K^rV^Vvj^i >#^S 16^A 
b«t^oT^^,pnpnif^y^O^-hm^^bTf^ffli-^dr-ryT^<7)jB^ 
^V^T#^$^r^^j:^i^^y^^^*^i-§npn^7^^om»J#Srl£ 

[0011] L3>U ^SSR^al^*$-fr§DH^if^h7-r^6^(DW^* f l(average) 
£ l(average) = 0)^^j;5^j^*$-frS<k, J^gfP^J^^SSI^S 
l6(D¥-i%mS. 8 2(average)#S3l3M( f 2(average)< 0) tftV , #J$ftJI<£>/¥£^ 
m^if^J;oT{iTO^ft £ 2(average)/WM:tt £ 2(critical)^X.TL*5o 
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[0012] ^m^m^—^n. ¥mfc&R±\z. m^imMx^^titc^<thm 

*istfWhi(D ^m^rnm ^iLto^/^n^h^i:, ttf 

£ (average), ttlf^i £ (critical) £T5£tf> £5 Kfemi>tzM&. 

[£Sc2] 

n 

I(eiXdi) n 

e (.average; — I — 

d 

M(D^^#:jg(D#:^kj|S|^LT, nj@ (n=j +k) <03^#JB«tfgJBLTJfc5^://W^ 

s (critical) = — -- 7- 7 , : {ln(— — ) +1 } 

- 4#d (1 +p)'cosA b 

^yVv^^n^^b^7°(D5p^JMm £ Kaverage)f*Bl5|f^* £ 1 (critical).^ T 
(D)±Mm.( £ Kcritical)^ £ 1 (average) > 0)1?, to, 

ffflEffi^SW^* £ 2(average)teB&Mfi £ 2(critical).£AT»3l3S<9^(- 
£ 2(critical)^ £ 2(average)< 0) WtfeU^ ( £ 2(average) = 0) -Ch^t^W^kti- 
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[0013] fc*3, ±\z-muz&ft&m<Dmm&ii£. 4¥m^JcmKmm^xh^ 0 
[ooi4] *mm<D¥mfc^—v s (Dm&jj&;te. ^m^mm^K-M^h^y^ 

TO^i £ (average), e&H^ft f (critical) £T5£<£> £5 ^^Lfd^S\ 



[M 



n 

I(eiXdi) n 

, x _ i^J d- Idi 

d 1-1 



^<D¥mi$m(DWt&kmtvx, nm (n=j +k) (d^^s^jblt^^^^v^ 

GR5] 

£ (critical) = — — ■ t: t r z (ln(— — 

tfflE^^VV^^n^if^h^^^^^J^i £ l(average)«KI#^i e l(critical) 
^T»J±$t^( £ Kcritical)^ e 1 (average) >0)X\ ftlfESI^g^^jM 
£ £ 2(average)te:ei#^* £ 2(critical)^T<^5ISI i 9^(- £ 2(critical)^ £ 2 
(average) <0);£fcte£t^( £ 2(average) = 0) Xh^t^WUtir^m^— if © 
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[0015] a^m) 

o 

[0016] AU Ga, Tntttt^&m&m^&U&tt. H5«*|S14tt(l)«£*'|Rl©^H*fc 

&fa<Df£famm-e$.&mt>mifc&ti2>o -tut, au Ga^a^tttfe^tzut^-a 

XlnmmKteV. SSfc, «J?t>J?<fc5(d>dO)„ l£oT, ^iK§|5^^$^r6DH^ 
t^h7^7 P 65r-?:O^M£ l(average)/^*|^( £ i (average) = 0) {£fr5«fc5l£JEft 
S$^rStJ£#SgPl5^S^^lSj!$^Sl6<D5p^Ma £ 2(average)mn|@J?5c^ 
/Js*<fct>3l3g^( £ 2(average)< 0) £&5„ -tLT, fifc^motttffll^ll 
6<D^J^^M e 2(average)^[Jg^.^4 £ 2(critical)^rMx.-Cb*V * (- £ 2(critical)> 
£ 2(average)) . te^ttfPJ&SfcSo -<£>fc#), DH^t^h7-l'^6(0^1i £ 1 
(average)^^* £ 2(critical)J^P fc 3^j±|f«J^-rt-r^^^J; ( 9, Mf1^Bl6 
©^III«t^y^^§ 0 W^*, J£ipS§P<DS^Sl6<D^^* £ 2 
(average)^eiim* £ 2(critical)^F*H-#PX.3~ t&X%^ 1fcttWZ&&&fiL<T>& 

[0017] ^mmiCXtli^ yzfjU^Tvi^^h9^Zf(D^mm £ l(average)£Bg#^* 
£ 2(critical)^P fc 3-eiE*g^lJ-r^-rr^^-e, ?-?>V^ Tu^Xhy^&mtilJ&M 

%m^.M £ 2(average)^l5l#^ft £ 2(critical) SI ft KfeMX^Zo *:<Df&^ 

[ooi8] imwmm(Dm(Dmm^mxh^m^-^<Dmmmmm 



WO 2005/053126 



7 



PCT/JP2004/017576 



[H9]##f^i^4iCfE*$tV-CV^ASM-LD(Z)ii^fe^i-XaEI 
[0019] (^lOHJfi^*) 

[0020] nMlnP(OOl) (3r*r x )T'M&n=2X 10 18 cnT 3 ) _h^nMAlGaInAs3fe^Ci£ 

#>Jg2 O¥£d = 40nnu n= 1 X 10 18 cm" 3 ) „ <7^/kJg (d=6nm, £ = + 

1. 4%, #3^i&Nw=10K ^yTjg(d=10nm, £ =-0. 6%, s<VTWCNb = 9) 
^AlGaInAsS-e«^M«M#m*^#F^ttS3,pMAlGaInAs3feWCiiie) 
S4(d=40nm. ^UT^fe^ 1 X 10 18 cm" 3 ) % pMlnP3r^y:/Jg5 (d=30 

Onm, p= 1 X 10 18 cm" 3 ) -e#j^$tV?>^l^¥^#:®iifri:UT(Z)^V/V^n (D 
ouble Hetero)^^h7-r^6(^|^, DH^f^b7^7°tlf ^) pMln 
P^^&^n5/^jg7(d=600nm, p=5 X 10 17 cm" 3 ) , nMlnP^^n^^jgS (d=6 
OOnm, p=l X 10 18 cm" 3 )-effl^iA*tl,rv>§ 0 ^rbT, -^(D_h^pMlnP^^Kig 
9(d=1600nm, P = 1 X 10 18 cm~ 3 ) , pMlnGaAs^^hjglO (d=300nm, M 
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1,P=1X 10 19 cm" 3 ) &j&)$&tl^ "Slfc-FmiZnWW&lL -Lffi^p{»J«Ml2^ 
[0021] H2^i!i3tXf£^i- 0 

[0022] ffiMif&MfeMOVPEm&m \ WMk\^Xfe, hV^/lsT/^-VA. (TMA1) , hV 
^/V^fy^A(TMGa). hy^/W^v^ (TMInh T/^>^(AsH h *^7-f^ 

3 

3 2 6 

[0023] &i\ (ooi) m&f$&mtir %nminPmm±Km£lOOnm<DMik^V^m& 

m^m^mm) m^-f ) ^500 ^ m\zm^tc(Dx\ j^s^i^iiistemss ^ m 

[0024] ^^(DnMlnP^t&l^MOVPE^g ) ^ir^hb, n^AlGalnAs^ 

MCiA#)Jg2, MM«M#mM^-4tF^ttjg3, P #jAlGaInAsMCi£#)Jg4, p 
MlnP^^^7°ja5^«^$^DH^ih^h^7°6^^*^^i-§ 0 

[0025] z.<Dt%, (iii)Bm\^n^minv^y^m^(D^m&^^^t\z.x. i o 

, nMAlGaInAs3feKC^^ji2. ^M«M#fii^#F^tt«3. pflJAlGalnAs 
^MCjA#>jB4<D (1 1 1) B®^ p §UinPjg5-e#^— £tK ^^(D^tt^X^U 

^m^hL-xh, M^/otdm&mtetiz^t&ttiML'X^Zo 
[0026] ft, ~<Dm^MovpEf$M<Dmzmm-j£m^i5izhmm» 

AlGaInAsMCj£#)JB2, MM«M^M^#F^<|4Jg3, P #jAlGaInAs3fe^ 
C^#>S4, pMlnP^^^as^j^bfc^f^jg^^UTcDS^jgie^ 
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[0027] ^(D^ MOVPKmU (Mifrt? ) /^£>$t«9 ttiU ^777^0^1^ .fclW 
h^(D^^^kv/y^^^l7^j^i-5 (02(c)), 

[0028] #Ci^ SJ^MOVPE^g (0^rf ) fc-feyhU pMlnP«^lt^ny^@7 % nMlnP 
m^n^JB8^igiR^-e^i-§(02(d)) o MOVPE|£g(0^: 
•r)*^5t5Wb-Cgfe>fb^y=i^^SrK**«, 30 g(DMOVPE^*-epMlnP^7 
3>KJg9, pMlnGaAs^^WglO^J&ftU n3!lnPg*gl<D#FIg, nllM 

[0029] DH^^h^^6(DTO^* E 1 (average) 

£ i (critical)^ rt-eff*i^^ffiiJ icT fbi~r £ iz. x V &iftM<nWfe&m 1 6© § I eSMi 

[0030] 03, 04fi^^i-§^*«(DTOMi^SjB/¥OK#^DH^^h7-r^6 

^MLfcto^li (%) irll^ffcgjgj? (nm) -efc<9, ^Wi-^ftSo 
[0031] Mi<vmiMftm<DWf&, DH^^h7-T^°6-e«, ^FS^yTStf^Sr^rf-a 

^^(D«5t^*5v>T, ^yrs^to-o. 93%irL-c##fF^cmi^^3-e^ 

$tt/tJ;5^DH^f-^h7-f^"eC0^^I^i £ l(average)^5^*Sl^( £ l(average) 

=0) ^bfe#Kt©tHHiifmT**>5„ rr-e, 04f^brtj;5^DH^^h9-r7 o (7)¥ 

J£j^* £ l(average)^J5{»^( £ 1 (average) = 0) ^Lfd^-TO, SISM©¥ 
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^h7^-e©^li £ Kaverage)^ji^^lj^^hbT^o<9, ^rtt^#oT, 

#*££-®<£>¥*&M £ 2(average)^/^b-CV^§(|2I4 I ^r^^^b-CV^) 0 

JP:, DH^^^h^-r^^^P^f^M f l(average)£S!^JBtf>¥*&^M f 2(average) 

[0032] ^(Dmmfe, wM(DW^A^mK.^tKxm^t^x^ 0 

V ^fcAlGaInAsJg(Z>#-3\ TMIn(Z)|«:I:£i^i-^fc OTM 
AUTEGa^l&M^^LT^jg^Inm^^ii^i-^^^^^ra^^^tS^ 

^oTb*5o tot, In|a^^^^^-C^i^^X.§^*^Al*fcfiGa(D / m^ 

tt—ffltvx. rmKwm^xm^mm^tix^ ^AiGainAs/^R^vjy:? 0 

(D#l^#tti:25c^#:^^^-^^^f+#Lfc^S lum<Z)AlGaInAsl:\ ftl^ 

dm 



WkMt-O. 6%3l3£ , -JS£*r-f £;&^1urri(ElAIGaInAsJf tf>*8j£ 



Al x Ga Y In z As 


Alifcif&:X 


GaM^:Y 




MM. urn 


0. 347 


0. 127 


0 526 


-0. 6%?l?§yS, ifi^lum 


O. 338 


O. 223 


0. 439 



[0033] m2(Dmmnm) 

[0034] nSlnP(001)S«l (3r -ryT?§Sn=2X 10 18 cm -3 ) _hi£nSAlGaInAsMOTC 
i£#>S2a (J¥£d = 40nnu £ = +0. 31%, n= 1 X 10 18 cm" 3 ) , V^/^M (d = 
6nm, £ = + 1. 4%, >)i/VtNw= 10) $d£.Tf, s*VTM (d= lOnm, £ =-0. 93 
%, ^yTifcNb = 9) ^AlGaInAsS-efe^^M«M#m*^#F^Jg3, pMAl 
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GaInAsM3feWCjAfeJS4a(d=40nm, £ =+0. 31%, ^VTm^P= 1 X 10 18 
cm -3 ) , p§UlnP^^JB5(d=300nm, p = l X 10 18 cm~ 3 ) XM^tl^KD^ 

mwmmw-t\^x(Dvw^y7^Qi)mj&isti. pMinpm^^^^^S7 (d=6o 

Onm, p = 5 X 10 17 cm -3 ) , nMlnPStfft^t^SS (d=600nm, p = 1 X 10 18 cm~ 3 
) -CffifeiA^tv-CV V5 0 -tb-C, pMlnP^7S>KJg9 (d= 1600nm, p= 1 X 10 18 cm~ 3 
), pMlnGaAs=3^^hjilO(d = 300nm, p = 1 X 10 19 cm" 3 ) &j&f&&tl* 

IKTSlCnfiitSll, ±B^pftiJ««12^^W^$tLTV^ 0 £fc, DH* 
h7^°6(Z> K«t HB LT Jg2tf> Jg #:£LT<^Mr£-JB 1 6 ttTV ^ 

•So 

[0035] ^l(D|IW^||^(D5aV>^, ^yTJB<D^*£r-0. 6%/^ib-O. 93%^ 

#D£i^£^ MCi£#)Jg2a, 4a(D^*^M^^ + 0. 31%<Dj±$i^^HL 

m^mSCD^mm&mSHtibU OTCi£i6JB2a, 4a^JE$t^£frfc^;!jn;L3 

(average^lW^i^T^WJLTl ^ Q 

[0036] m6te, m2<DmmKmi^\^x^&mir%f$Mm<v^^Abmnmm<vm& 

#£\ DH^^h7^°6-C«, 3feMC^^jB2a, 4a£, ^FfJB^U^yTS^ 
^-r^^ftjg-^fe^, #^JB-e», DH^^h^^°6(D^KCiA^jg2a, 4ab 

[0037] g|6^i-J;5^, DH^^h^7°<D^^J^i £ l(average)£S|£^jgl6<D^J 
£ 2(average)£te, OTCi£feJi^<:b;tfd£^^J;<9, g|4^i:b-<-C*^J£ 

[0038] g|7^DH^^h7^ 0 i:S^ja ^*5it^>¥^^*<^fl«fr^^^'l'M (^*M$|3 
, /^yTS^j?$8nm-e-0. 2%<D3l3I^-e$>5 0 r<D«}tte\ ¥*^*^0. 389 
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%-ei&im<D0. 414%l£i£vMire&5 0 AlGalnAs^Ci&fcJgt^Onm-T? 

<fe><5 0 

[0039] 07H^r«J:5fc:, ^*:7*B# s i£<fc3<Bfc:#v\ S^JB^¥^*^5I§S^#J 

[0040] j^Tt-, ®7©^^^^^?g« 0 m-m&m^mM&n<>fcm&. mm 

[0041] H7^?^^i|is^4 n m^T<Dm^xfew&&mhj±m^&m\)£nz) 0 - 
^mmrxK^m^m^r^(Dxmm^h^\ 

[0043] l---nMlnPS« 

2- • -n^AlGalnAs^MCiA^jB 
2a- • •nMAlGaInAsM)feKC3A*jg 

3- • •m.mmmm.^nm^#F i fe i &.M 
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3a- • -^M^F^ttJB 

4- • -pMAlGaInAs3fe|WC}£#>g 
4a- • -pMAlGalnAs^^HCiA&Jg 

5- --pMlnPdr-r^°jB 

6- --DH7<t^h7-fy 

9- --p^InP^7^KiB 

10- - -p^InGaAs^^Wg 

12---p#J^ffi 

14- --^i|iegi5 

15- --iti|>Sf|5 
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m^mm 

£ (average), Bg^i £ (criticaD^T^^i^^^bfc^^, 

n 

I ( £ i X di) n 

r >_1~J d=Idi 

e leverage; — [ = -\ 

d 

^(D¥mfom<DWt&kBbVX, nB (n=j +k) ©^Jg^gU '45^ >W^ 
G8fc2] 

. . . ,v b Q -p'(cos«) A 2) 4d 

s (critical) = 7- t s : linC— 

4#d (1 +p)'cosA b 

mt^y^^^Tv^^h^-^CD^fify^M. £ l(average)^EI#^i £ l(critical) 
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